SUMMARY In 80 controls latencies of flexor carpi radialis (FCR) and in 94 controls latencies of soleus H-reflexes correlated well with length of the extremity, body height and age. Multiple regression equations using latency as a variable dependent on age and body height can be best used in practice when both reflexes are employed for demonstration of proximal pathology. The majority (69%) of 93 patients with various polyneuropathies showed abnormalities in both reflexes illustrating that proximal nerve segments are frequently involved. Four per cent had abnormal FCR Hreflexes with normal soleus H-reflexes whereas the reverse was found in 19% of the patients. Abnormal FCR H-reflexes occurred with normal motor and sensory conduction velocities in the peripheral part of the median nerve in 14%, whereas the reverse was seen in 12%, indicating that FCR H-reflex examination is a valuable supplement to conventional conduction studies for detection of electrophysiologically existing pathology.
Recording of the H-reflex of the flexor carpi radialis (FCR) muscle has proved to be an effective tool for the examination of damage of the proximal segment of the median nerve. ' 2 It has been demonstrated that performing studies of the H-reflex of the soleus muscle is useful in assessing polyneuropathy,3 -5 but data on the FCR H-reflex in this type of nerve dysfunction are not yet available.
The object of this study was to determine the relationship between sensory (SNCV) and motor nerve conduction velocity (MNCV) in the elbowwrist segment of the median nerve, that is, the distal segment, and FCR H-reflex latencies elicited from the same nerve in a group of patients with well established polyneuropathy. In addition, changes of the FCR H-reflex were compared with those of the soleus H-reflex. Furthermore, in a group of control subjects, it has been evaluated whether both reflexes show similar relationships to the length of the extremity tested or to body length only, which would be easier to measure for practical purposes.
The electrophysiological examinations were performed in an airconditioned room with the temperatures controlled between 23°C and 25°C. Surface temperatures of the lower arm ranged from 320 to 34°C and of the dorsum of the foot from 30°to 32°C.
The method used to elicit the H-reflex of the FCR muscle has been described previously.1 The median nerve in the cubital fossa was stimulated by a bipolar surface electrode with the cathode placed proximally and reflex responses were recorded by a needle electrode. The stimulus frequency was one per 5 seconds, and the pulse duration 0 5 ms. The voltage was increased and multiple recordings were made. The potential with the shortest latency time to the start of first deflection from the baseline was measured. For determination of the soleus H-reflex one pair of recording electrodes were placed longitudinally about 3 cm apart over the midline-of the soleus muscle, the active electrode being about 2 cm below the insertion of the gastrocnemius on the Achilles tendon and the reference electrode further distally. The tibial nerve in the popliteal fossa was stimulated by a bipolar surface electrode with the cathode placed proximally. The stimuli were square pulses of I ms and were applied at 2 second intervals. With the stimulating electrodes in the right position the voltage was increased and subsequent H-reflexes were recorded. The reflex with the shortest latency time to the start of the first deflection from the baseline was measured.
In 80 control subjects, between the ages 14 and 83 years Schimsheimer, Ongerboer de Visser, Kemp, Bour . These relationships were highly significant (Student's two tailed ttest: p < 0-001).
Results

Controls
Multiple regression equations using latency time (ms) as a variable dependent on age (yr) and limb or body length (cm) were calculated: FCR H-reflex latency = 1 29 + 0-1630 x arm length + 0-0270 x age + 0-83 (SD) and FCR H-reflex latency = -044 + 0-0925 x body length + 0-0316 x age + 083 (SD), and soleus H-reflex latency = 6-75 + 0 1964 x leg length + 0-0731 x age + 1-38 (SD) and soleus H-reflex latency = 3-00 + 0-1419 x body length + 0-0643 x age + 1-47 (SD). All dependencies were highly significant (p 4 0-001).
The SDs indicate that the lengths of limbs or body heights have about the same predictive value for the latency times of both reflexes. For the FCR H-reflex latency the SD decreased by 25% using the single regression on body length and by a further 18% using the multiple regression equation. For the soleus Hreflex latency the SD decrease amounted to 14% and The flexor carpi radialis H-reflex in polyneuropathy With respect to the relationships between FCR Hreflex latency and both MNCV and SNCV in the elbow-wrist segment of the median nerve the following has been observed. In 13 patients (14%) FCR Hreflexes were abnormal, one absent and 12 delayed, whereas median nerve conduction velocities were normal in all of these patients. In 11 patients (12%) FCR H-reflexes were normal, whereas conduction velocities were delayed; both MNCV and SNCV in seven, and only MNCV in four patients. In 60 patients (65%) both FCR H-reflexes and median nerve conduction velocities were abnormal. Of these patients FCR H-reflexes were absent in 18 and delayed in 42 patients, whereas of all conduction velocities measured the MNCV only was abnormal in four, SNCV only was abnormal in six patients, and both were abnormal in the remaining patients. In nine patients (9%) both FCR H-reflex and conduction velocity were normal. It should be noted that in these patients reflexes showed abnormal dispersed responses (fig 2a) in one patient, polyphasic responses (fig 2b) in three patients, and asynchronous small responses (fig 2c) in one patient, although latencies fell into the normal range. The other patients had reflex responses with normal configurations. The three abnormal features mentioned above also occurred occasionally in patients with prolonged FCR H-reflex latencies.
Of the 75 patients with obtainable FCR H-reflexes 43 patients (51%) showed increased latencies with + 3 SD as upper limit of normal when only arm length or body height, and 36 (48%) when only age was used to predict FCR H-reflex latencies. This was true for the soleus H-reflex, obtainable in 53 patients, in 38 (72%) when only body height, and in 29 patients (55%) when only age was used to predict latencies. The multiple regression equation using latency as variable dependent on age and body height yielded abnormal FCR H-reflex latencies in 47 patients (63%) and abnormal soleus H-reflex latencies in 34 (64%) patients. 
Discussion
To our knowledge conduction velocity in the most proximal segment of the median nerve by EMG means has only been evaluated by MNCV determination in the Erb-axilla nerve segment7 and by the F-wave technique8 by which functional values of motor fibres can also be studied. However, evaluation of peripheral neuropathy should include determination of SNCV as well. Simultaneous measurements of FCR H-reflex latency and the conventional MNCV and SNCV in the median nerve segment of the lower arm allow comparison of propagation velocities in proximal and distal parts of the median nerve. In our control groups regression equations demonstrated that latencies of FCR and soleus H-reflexes can be predicted from limb length but equally accurately from body height (fig la and b) . Therefore, body height alone can be used in practice when both reflexes have to be investigated for demonstration of proximal pathology. Multiple regression analyses demonstrated that prediction by age further improves accuracy for FCR and soleus H-reflexes.
The greatest percentage (69%) of our patients showed delayed latencies or absence of both the FCR and the soleus H-reflexes, which illustrates that proximal parts of nerves are frequently involved in neuropathy. An abnormal soleus H-reflex with a normal FCR H-reflex was found in 19%. Notable was the finding that few patients (4%) showed an abnormal FCR H-reflex and a normal soleus H-reflex.
Considering the median nerve alone, abnormal FCR H-reflexes occurred with normal MNCV and SNCV in 14% of the patients. In these cases pathology of the proximal median nerve segment could be overlooked when nerve conduction in the elbow-wrist segment only was performed. Nerve conduction studies in the peripheral part were abnormal with normal FCR H-reflex latencies in 12% of the patients. This and the reversed findings in the former patients demonstrate that either the proximal or the distal part of the median nerve was the predominant location of nerve damage and therefore both nerve conduction and reflex examinations should be performed to show electrophysiologically existing pathology.
FCR H-reflexes could not be elicited in 18 patients (19%) and soleus H-reflexes were unelicitable in 40 patients (43%). Most of these patients belonged to the group with demyelinating neuropathies and, as expected, showed the slowest conduction velocities and most frequently absent sensory potentials also.
Only few data are available on reoccurrence of absent H-reflexes during recovery of neuropathy.9 Probably, this may happen in only a small percentage after a considerably long time period. Therefore, it is of interest that FCR H-reflexes could often be recorded when soleus H-reflexes were unelicitable. This may be of importance for follow-up studies to evaluate either worsening or improving of proximal-neuropathy.
Nine patients (9%) had normal median nerve conduction velocities and FCR H-reflexes with normal latencies and were therefore classified as subjects with normal FCR H-reflexes. Five of them, however, showed reflexes with clearly abnormal appearances (fig 2a-c) . These pattern changes are on the one hand difficult to quantify with usual methods, but on the other hand it might also be reasonable to consider them abnormal. Three patients had polyphasic responses (fig 2b) , suggesting collateral reinnervation, another had markedly decreased responses (fig 2c) , suggesting that axonal degeneration took place, while a fifth patient showed successive responses with different latencies and wave forms (fig 2a) . In the latter it was possible to identify separate motor unit responses, appearing either alone or in combination, relying on their characteristic wave form and latency time. The abnormal dispersion of responses, probably due to desynchronisation of impulses, would provide evidence of a focal lesion of the proximal part of the median nerve. These observations further demonstrate that the usual triphasic appearance of the Hreflex may be replaced by a disturbed one earlier on in the course of the disease than prolonged latency time occurs, even at a time when the direct muscle response has a normal shape, which was seen in one patient (fig2c). The finding supplements those of Lachman etal4 who reported that prolongations of latencies may occur earlier on in the course of polyneuropathy than asynchrony of H-reflex responses.
With respect to the significant age influence on Hreflexes, it could be expected that, with multiple regression equations using latency as a variable dependent on age and body height, more abnormalities of soleus H-reflexes would be found in the patient group than when using single regression equation for latency as function of body height. However, of the 53 obtainable soleus H-reflexes single regression analysis yielded 38 and multiple regression analysis only 34 soleus H-reflexes with prolonged latencies. Soleus H-reflexes in one patient, aged 48 years, were considered to be normal and in five patients, all older than 63 years, to be abnormal when using single regression analysis only.
Apparently, the five abnormal recordings obtained by single regression analysis do not take into account the normal prolongation of the latencies in these patients caused by their advancing age. By the same Schimsheimer, Ongerboer de Visser, Kemp, Bour token the one normal recording is, probably, also unreliable. The above illustrates that regression correction using both body height and age is more valuable for detection of abnormal latencies.
In conclusion, the present study has shown that recording of the FCR H-reflex is a valuable supplement to conventional conduction studies for detection ofpathology of the median nerve in patients with polyneuropathy.
